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AGING OF ADULT TROPICAL REEF FISH BY OTOLITHS: A 
COMPARISON OF THREE METHODS ON DIAGRAMMA PICTUM 
N. BAILLON and M. KULBICKI 
Dept. Oceanography, ORSTOM, BP A5 Noumea. N e w  Caledonia 
ABSTRACT 
Age determinations f o r  Diagramma (n=102), 
were conducted using t h r e e  methods. The two f i r s t  
methods are based on t h e  counts of annuli on res- 
pect ively whole o t o l i t h  and o t o l i t h  cross  sec- 
t i o n s .  The t h i r d  method uses t h e  decrease of oto- 
l i t h  d a i l y  growth increment ( D G I )  density with 
age. The growth curves found with t h e  f i r s t  two 
methods a r e  comparable and similar to  previous re- 
s u l t s .  However, t h e  analysis  of l i fe  his tory 
t ra i ts  such as s i z e  a t  first reproduction indica- 
tes t h a t  t hese  methods a r e  l ikely t o  underestimate 
growth. The use of DGI density y i e lds  a f a s t e r  
growth curve.  To e s t ab l i sh  t h i s  curve t h e  rela- 
t ionships  l inking f i s h  size t o  o t o l i t h  radius  arid 
DGI densi ty  t o  o t o l i t h  radius a r e  needed. The fi- 
nal  growth curve is part icular ly  sens i t i ve  t o  
changes i n  these previous re1ationships:For t h i s  
reason a l l  sizes should be well represented i n  t h e  
sample. This method is not recommended for f i s h  
with large seasonal growth var ia t ions but could 
produce good DGI measurements f o r  those species  
which have only a small zone of readible  o t o l i t h .  
INTRODU(TFI0N 
Age and growth da ta  are e s sen t i a l  f o r  population 
dynamics s tud ie s  and for s c i e n t i f i c  management of 
s tocks and f i she r i e s .  This type of information can 
be obtained by several  methods: length frequency 
d a t a  analysis ,  tag-recapture, seasonal growth in- 
crements on hard s t ruc tu res  (o to l i t hes ,  ver tebra ,  
s ca l e s ,  dorsal  spines,  opercular bones, ...), dai- 
ly growth increments on o t o l i t h s  arid even chemical 
aging. Generally, t h e  th ree  f i r s t  methods can be 
e a s i l y  applica t o  temperate f i s h  but i n  t h e  t ro -  
p i c s  t he  aging of adul t  f i s h  produces a number of 
problems. A protracted spawning period o r  multiple 
spawning periods in  t h e  year may render t h e  f i r s t  
method impossible t o  ,apply. Sampling problems can 
complicate the second method and in  most cases ,  
annr~al var ia t ions of environmental f ac to r s  a r e  too  
s l i g h t  f o r  c l e a r  seasonal growth increments to 
form. This makes t h e  t h i r d  method d i f f i c u l t  t o  
IJSe. Chemical aging requires a high technology and 
precise knowledge of t h e  physiology of t-he spe- 
cles. 
Since Panella (1971,1980). a commonly used method 
cons i s t s  of reading t h e  dai ly  increments on oto- 
littis. Nevertheless. hyaline and opaque r ings,  
IJSlJal l y  ca l l ed  annuli ,  a r e  sometimes observed i n  
l.ropica1 species .  In the present study th ree  dif-  
f e r en t  aging methods based on o t o l i t h s  were used 
on Diagramma pictum (Haemulidae): t h e  count o f  an- 
nul i-1 i k e  structures on whole o t o l i t h s  (method 1) 
arid t ransverse t h i n  sect ions (method 2 )  and t h e  
estimation of  da i ly  growth increments (DGI) on 
th in  sec t ions  (methcd 3 ) .  
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' MATERIAL AND METHODS 
The f i s h  used were taken during longline t r ia ls  or 
by speargun i n  various areas  of t h e  lagoon of N e w  
Caledonia, i n  19ßG and 1987, a t  depths ranging 
from 10 t o  15 meters near co ra l  patches. The oto- 
l i t h s  were cleaned, measured (Total Length) and 
one of each pair  was embedded i n  polyester  r e s i n  
arid c u t  i n t o  t h i n  sect ions.  Fish size ranged from 
9.5 c m  t o  69.0 c m ,  with an equal number of  f i s h  
f o r  each 5 c m  class. 
F i r s t  method: whole o t o l i t h s  
Whole o t o l i t h s  immersed i n  anise  o i l  were observed 
with a binocular microscope (10 x) against  a dark 
background. Under r e f l ec t ed  l i g h t ,  opaque and hya- 
l i n e  r ings  were c l ea r ly  v i s ib l e ,  however, incre- 
ments were d i f f i c u l t  t o  count on older  f i s h .  Rea- 
ding was performed independantly by two observers.  
Rings were counted along t h e  posterio-dorsal a x i s  
on t h e  external  concave s i d e  ( f igu re  1). Total ra- 
d ius  ( R t )  from t h e  nucleus t o  t h e  ou te r  edge, and 
t h e d i s t a n c e s  ( R i )  of each r ing  from t h e  nucleus 
were measured. Fish size and R t  were correlated.  
Since both f i s h  size and o t o l i t h  radius  are depen- 
dant  va r i ab le s  a G e o m e t r i c  Mean (GM) regression 
(model I I )  (Laws and Archie, 19ßl) was performed. 
For each average R i  a f i s h  size was estimated from 
t h e  la t ter  correlat ion.  The Von-Bertalanffy model 
was applied t o  t h i s  data.  A s  f o r  a l l  o the r  l i n e a r  
and non l i n e a r  regressions in  t h i s  paper, t h e  
"Statgraphics" package ( S t a t i s t i c a l  Graphics Cor- 
porat ion.  Plus Ware product) was used t o  make 
est imates  of parameters and of t h e i r  confidence 
in t e rva l s .  
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Figure 1. Drawing of a whole l e f t  s a g i t t a  of 
&ramma pictum showing t h e  p re fe ren t i a l  ax i s  used 
f o r  counting annuli (arrow). 
Second method: annual r ings on t h i n  sec t ions  
Each embedded o t o l i t h  was cut through t h e  nucleus. 
Each half  was glued on a g las s  s l i d e  and t h i n  sec- 
t i o n s  (0.25 - 0.5 m m )  were made using an Isomet 
Low speed Saw. Thin sect ions were observed using a 
ORSTOM Fonds Documer,.dire 
binocular microscope (40 x )  with r e f l ec t ed  l i g h t  
and read against  a black backgrourid. Anise o i l  en- 
hanced t h e  r ead ib i l i t y .  A l l  r ings  were counted, 
IJSIJally i n  the  vqntro-proximal edge ( f igu re  2). 
Ring counts and f i s h  size were correlated using 
t h e  Von-Bertalanffy model, 
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Figure 2. Drawing of an o t o l i t h  cross sec t ion  sho- 
wing areas  used for counting rings. Continuous ar- 
row indicates  t h e  preferred reading zone. 
Third mettiod: d a i l y  increments on t h i n  sect ions.  
Thin sect ions were observed under oil  immersion 
(1250 x) .  Zones where dai ly  growth increments 
( E I )  were eas i ly  readable and i n  s u f f i c i e n t  num- 
bers', were se l ec t ed  along t h e  dorso-ventral axis ,  
R ,  which is also measured ( f igu re  3). These zones 
must however be small enough so t h a t  DGI densi ty  
can be considered constant.  On each zone, t h e  
number of D G I ,  t h e  width of t h e  zone and its me-  
dian dis tance t o  t h e  nucleus were measured. 
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Figure 3. Schematic drawing of an ot-oli th cross 
sect ion showing measurements made f o r  age determi- 
riatiori using DGI. R: o t o l i t h  radius (dot ted l i n e ) :  
D: d is tance between nucleus and counting segmerk: 
1: width of coynting segment. 
Plott ir ig of t h e  f i n a l  growth curve, l inking t h e  
age of t h e  f i s h  t o  its s i z e ,  c a l l s  f o r  t h e  esta- 
blishement of a number of re la t ionships:  
1) relat ionship between f i s h  s i z e  (L) and 
o t o l i t h  radius  ( R ) .  Linear, S-shape (lo- 
g i s t i c ) ,  semi-log and log-log models we- 
re f i t t e d  using a GM regression. The mo- 
de l  giving t h e  lowest residual  sum of 
squares (SSR) was kept. 
2)  re la t ionship between o t o l i t h  r ad ius  ( R )  
and DGI density ( D ) .  Linear, log-log and 
exponential models were f i t t e d  using a 
GM regression. The model giving t h e  lo- 
w e s t  SSR was kept. 
3) estimation of t h e  total  number of incre- 
ments (N), i.e. t h e  age of  t h e  f i s h ,  for 
a given o t o l i t h  r ad ius  (R). N was calcu- 
l a t ed  according t o  two methods: 
- integrat ion : for a given R i ,  one 
D = f ( R )  
may writë : 
and N =/,R' f (R)  dR 
- summation (Ralston, 1976,1985) : 
t h e  radius  U was divided i n t o  500 11m 
intervals .  For each of t h e s e  in t e r -  
va l s  t h e  average DGI densi ty ,  d i ,  was 
calculated.  Thus, for a given i n t e r v a l  
i, t h e  number of DGI is: 
N i  = d i  x,500 
Fish s ize  ifrom s t e p  1) and N for a given o t o l i t h  
r ad ius  R uere.then r e l a t e d  using t h e  Von-Berta- 
lanffy model. 
RESULTS 
F i r s t  method: whole o t o l i t h s  
A total  of 140 o t o l i t h s  were"examined, of  which 14 
were re j ec t ed  a s  unreadeable by both observers.  
The r e l a t ionsh ip  between f i s h  size (L) and o t o l i t h  
r ad ius  (R) give very s imi l a r  r e su l t s ,  f o r  both ob- 
servers (covariance F test indicates  ) >  0.05): 
1.' , 
observer 1 : L = *l. R + 183.33 ' r = 0.96 
observer 2 : L = 1.19 R + 177.17 r = 0.96 
combined : L = 1.16 R + 180.20 r = 0.96 
Therefore. it is t h e  equation of t h e  combined ob- 
servat ions which was selected.  The main advantages 
o f  t h i s  method a r e  t h e  need of very l i t t l e  equip- 
ment (one binocular with a micrometer) and its ra- 
p id i ty  (140 o t o l i t h s  read i n  two days).  However, 
hyaline r ings could be eas i ly  separated only up t o  
seven or eigth.  Past  t h a t  number, r i n g s  nere  t o o  
c l o s e  from one another 1.0 allow r e l i a b l e  readings.  
On 20 !% of  the o t o l i t h s  t h e  first r i n g  presented 
ring-like s t ruc tu re  in  its v in i c i ty .  However, the- 
se s t r u c t u r e s  were more d i f f u s e  than "normal" 
r ings  and could be eas i ly  separated.  The parame- 
ters of t h e  Von-Bertalanffy growth model are given 
i n  t a b l e  1 and t h e  curve is presented on f i g u r e  8 
(curve 1) , 
Second method: annuli  on t h i n  sect ions 
Thin sect ions of 61 f i s h  o t o l i t h s  were examined. 
For 38 f i s h  two th in  sect ions were avai lable ,  gì-  
ving a t o t a l  of 99 t h i n  sect ions of which seven 
were eliminated because of blurred areas .  When two 
readings per f i s h  were avai lable  t h e  mean was t a -  
ken. However, usually both values were similar (35 
f i s h  out of 38). Figure 4 indicates  t h e  scat ter-  
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p l o t  of t h e  number of r ings  versus f i s h  size. The 
advantage over t h e  previous methcd nas t h a t  we 
were ab le  t o  d i f f e r e n t i a t e  r ings near t h e  edge of 
t h e  o t o l i t h  (up to 33 r ings ) .  However beyond 10 
r ings  (57 c m ) ,  growth seemed t o  be considerably 
reduced. As for whole o t o l i t h  readings, t h e  f i r s t  
r i n g  o f t en  had r ing-l ike s t ructures  in  its vinici-  
t Y .  
analysis  may help reduce t h i s  high variance.  
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Figure 4. Sca t t e rp lo t  of t h e  nlJIOher of r ings  on 
t h i n  sec t ions  versus f i s h  size. 
Third method: daily growth increments 
A to ta l  of 102 o t o l i t h s  were read, giving 354 den- 
T h i s  dethod was prefered to  total  
DGI counts for a number of reasons. F i r s t  because 
it is much faster and less tedious s ince  counting 
is confined t o  a few small  segment on each oto- 
l i t h .  Fu r the ryore ' i t s  appl icat ion is not  handicap- 
ped by the 6resence of unreadable areas: a useable 
measurement can b e  obtained even if the re  is only 
a s i n g l e  readable area on t h e  section. One of t h e  
main problems encountered when counting a l l  DGI is 
t o  f ind  o t o l i t h s  presenting good reading along one 
radius .  I n  o lde r  f i s h ,  t h i s  condition is seldom 
met. and i n  Diagramma pictum t h e  number of such 
o t o l i t h s  is n u l l  past  a f i s h  length of 30 c m .  Ho- 
wever, t h e  u s e  of DGI densi ty  presents a l so  a num- 
ber  of problems as w i l l  indicate  our r e s u l t s .  
1 )  Relationship between f i s h  size (L) and 
o t o l i t h  r ad ius  ( R ) :  t h e  semi-log model gave t h e  
best  f i t  t o  our da t a  ( f igu re  5). However, a s  indi- 
-cat.es t h i s  f igure,  w e  had no value for radius  less 
than 1200 pm ( t h i s  corresponds t o  f i s h  of 7cm i n  
length) arid backcalculation of f i s h  size for ra- 
d ius  of less than 2000 p m  gave abnormally small, 
even negative sizes. For t h i s  reason, a l i nea r  mo- 
d e l  passing through t h e  or igin was chosen f o r  ra- 
d ius  of less than 2000 fim (L = 0.0137 R, r= 0.84). 
2) Relationship between DGI density ( D )  and 
o t o l i t h  radius  (R): t h e  exponentiel model gave t h e  
best  f i t  f o r  our da t a  ( f igure 6 ) .  However, t h e  va- 
r iance o f  D is very high a t  a l l  radius values. 
Radke et a l .  (1985) have shown f o r  Opsanus t au ,  a 
temperate species ,  t h a t  DGI density presents mar- 
ked seasonal var ia t ions.  D G I  density var ia t ions 
could be  linked t o  spawning o r  t o  lunar cycles 
(Panella,  1980) o r  more accidentally t o  some kind 
c f  stress (food a v a i l a b i l i t y ,  abnormal temperatu- 
r e , .  . .) . A possible  interpretat ion is t h a t  D G I  
follow an hypothetical  curve as indicates f igu re  
7. I f  such is t h e  case,  t h e  use of t i m e  series 
7,7 8.3 0.6 8.9 ' 7.1 7.4 
Figure 5 .  Relationship between f i s h  size and oto- 
l i t h  radius .  . 
o 1 '  
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Figure 6 .  Relationship between DGI.density and 
oto1 i t h  radius .  ' 
D G I  readings were homogenously d i s t r i b u t e d  with 
o t o l i t h  radius ,  except for radius  values between 
200 and 1000 fim for which DGI are usual ly  not pos- 
s i b l e  to  count. This corresponds to  a f i s h  size 
between 3.5 and 12 c m .  The hab i t a t  and ecology of 
D.pictum a t  t h a t  size are unknown and the re fo re  w e  
can provide no explanation for t h i s  phenomenon. 
I 
OTOLITH RADIUS 
Figure 7. DGI density versus o t o l i t h  radius  hypo- 
t h e t i c  curve. 
3 )  Estimation of t h e  t o t a l  number of  incre- 
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ments (N): since the function selected to describe 
the relationship between D and R is of the form: 
one may write Ni = jRi f(R) dR as 
Log D = aR + b D = exp (aR + b) 
Ni = ,f!' exp (aR + b) dR 
or Ni = [ l/a exp (aR + b) ] R i  
Assuming that N = O when R = O, implies 
Ni = l/a [ exp (aRi + b) - exp (b) ] 
The growth curve and growth parameters of the Von- 
Bertalanffy model derived from the values of N and 
L from this third method are presented on figure ß 
arid table 1. 
The estimates of DGI density and corresponding 
fish length using Ralston's method are presented 
in table 2 and the resulting Von-Bertalanffy curve 
arid growth parameters on figure 8 and table 1. 
Table 1. Von-Bertalanffy growth parameters obtai- 
ned by each method. 
I I l l I 
THIN SECTIOH - 2 I 64.48 i: 2.381 0:233 f 0.06 I I 0.99 f 1.W 1 
60.70 o 280 0.25 
ffiI MLSIN-INIECRATIMI ?a 69.47 f 3.40 0 . W  f 0.05 - 0.14 f 0.11 
ffiI MLSINI7ALSTOH 33 86.50 2 12.4 0.210 t 0.06 - 0.14 t 0.18 
Table 2. Estimates DGI density and corresponding 
fish length from Ralston's nethod. N = number of 
readings: D = DGI density: ts/\/ii=l = width of the 
half confidence interval at o ( =  0.05, N-1; 
L = calculated fish length for mid class of R. 
Table 3. Significant differences in Lm and k bet- 
ween all the methods. NS = not significant. 
t!€THOOS METHOOS 
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Figure 8 .  Final growth curves obtained by each me- 
thod. (1): method l; (2): method 2; ( 2 ' ) :  Lou- 
bens's curve; (3a):.method 3, pGI density- 
integration; (3b) : method 3; DGI density-Ralston. 
Comparison of the three methods 
Figure 8 and table l'regeoup'the results of all 
three methods. The findings of Loubens (1978) who 
used the second method are included for compari- 
son. There is no sigriificant difference of to bet- 
ween any of the methods..Significant differences 
in Lm or k. are given by'table 3.,The first two, 
methods show no difference between one-another. 
whereas method 3a (integration of DGI density) has 
a larger k than any other method and method 3b has 
a larger Lm than any other method. 
DISCUSSION . 
In the absence of validation, which are conducted 
at the moment in the Noumea Aquarium, a number of 
life history traits of Diagramma pictum and a li- 
terat-Ure survey may explain some of the discrepan- 
cies between the results of the various methods. 
It has been indicated for a large number of fish 
that the hyaline rings are linked to changes in 
the environment (temperature. food availability) 
or physiological changes (reproduction, smolt 
transformation,. . .) . In temperate waters these 
changes are seasonal and can thus lead to good 
correlations between number of hyaline rings and 
real age. In tropical waters this correlation is 
questionable because these changes do not necessa- 
rily occur on a regular basis. Loubens (197ß) has 
used marginal iricremerit analysis (Campana, 1984; 
Mason ti Manooch. 1985) to check the yearly deposi- 
tion of these hyaline rings in New Caledonia spe- 
cies. Unforturiatly, he could not validate this hy- 
pothesis for D.pictum because of an insufficient 
sample. Our sample were collected over too short a 
period to enable us ttie use of this technique. It 
is possible to count DGI between two hyaline zo- 
ries. Practical problems such as localizing the 
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middle of the zone under high magnification, o r  
f inding a zone with a continuous reading between 
two annul i ,  renders such a ve r i f i ca t ion  untract i -  
ble .  The yearly deposit  of hyaline r ings has  been 
demonstrated in  Pakistan f o r  another Haemulid, p0- - madasE argenteus, by Brothers & Mathews (19871, 
but t h i s  is a coas t a l  species  and t h e  area where 
t h i s  f i s h  l i v e  is submitted t o  t h e  monsoon which 
is s t rongly seasonal.  
D.pictum matures a t  60 c m  (Loubens, 1980a). If one 
assumes t h a t  hyaline r i n g s  a r e  yearly,  t h i s  means 
t h a t  t h i s  species  matures between 10 and 12 years 
of age and t h a t  its growth nearly ends t h e r e  af- 
ter. Assuming such an age. frequency size d i s t r i -  
bution allow t o  estimate t h a t  total  mortali ty r a t e  
f o r  mature f i s h  would be of 0.19 which is a very 
low value considering t h e  high f ishirig pressure 
t-hese f i s h  are submitted to. The observation of 
addi t ional  r ing-like s t ruc tu res  i n  t h e  v i n i c i t y  of 
t h e  f i r s t  hyaline r ing  could be r e l a t ed  to  settle- 
ment of t h i s  species  in  c o r a l l i n e  zones. Indeed, 
D.pictum changes d r a s t i c a l l y  of colorat ion a t  
about 20 c m  and s t a r t s  t o  form schools around iso- 
la ted patch r e e f s .  Before t h i s  size its main hab- 
t a t  is unknown, occasional specimen being caught 
by trawlers or seen i n  shallow shel tered r e e f s .  
These l i f e  h i s to ry  f a c t s  lead us t o  bel ieve t h a t  
hyaline r ings  may not be deposited on a yearly ba- 
s i s ,  but a t  a f a s t e r  r a t e .  An addi t ional  argument 
f o r  non yearly r ings  is t h e  g rea t  proportion of 
f i s h  larger  than L m  . This parameter has no r e a l  
biological  meaning, in pa r t i cu la r ,  it is usual ly  
in fe r io r  t o  some extent  t o  maximum observed size. 
However, t h e  examination of frequency size d i s t r i -  
butions of  D.pictum i n  N e w  Caledonia indicates  
t h a t  13 .% of t h e  v s h  exceed L, . Similar compa- 
r i sons  of L m  (Loubens, 1980b). arid frequency s i z e  
d i s t r ibu t ions  of 12 species  i n  N e w  Caledonia indi- 
c a t e  t h a t  8 t o  53 .% of t h e  f i s h  a r e  larger  than 
L m .  The magnitude of t h i s  discrepancy indicates  
t h a t  t h e  use of hyaline r i n g s  is l ikely t o  unde- 
res t imate  growth. 
The da i ly  per iodici ty  of DGI has been demonstrated 
f o r  a large number of f i s h  (Campana tà Neilson, 
1902; Mugiya & Muramatsu, 1982: Victor, 1982; 
Kingsford h Milicich,  1987; Ralston & Williams, 
1988; Ralston h Williams, i n  prep.; Gjosaeter et  
a l ,  1984 and Campana & Neilson, 19ß5, f o r  re- 
views), including Haemu1ids (Brothers & McFarland, 
19ß1; DrrJthers & Mathews, 1907). However, t h i s  ap- 
p l i e s  mainly t o  young f i s h ,  on older  f i s h  t h i s  is 
riot always ve r i f i ed .  In pa r t i cu la r ,  C a i l l a r t  
(pers.  communication) indicates  f o r  Naso breviros- 
Lrk arid Epinephelus microdon in French Polynesia 
t h a t  such r ings may be deposited only every two o r  
t h ree  days,  By contrast-, subdaily increment-s may 
a l so  be formed (Taubert & Cohle, 1977; Panella,  
1900; Marshall & Parker, 1982), which would in  
+.urn uriderestimat.e growth. Such anomalies occur 
more frequently past f i r s t  maturity.  
However. t h e  main problem with using DGI densi ty  
a r e  methodological. F i r s t .  age estimates require 
several  re la t ionships .  Errors f o r  each of these 
relat ionships  a r e  cumulative. The most s e n s i t i v e  
pa r t  of t h i s  method is t h e  estimation of N ( t o t a l  
number of DGI) f o r  a given f i s h  length. This is 
well i l l u s t r a t e d  by t h e  s ign i f i can t  differences i n  
L and k found using e i t h e r  integrat ion o r  Ral- 
s t o n ' s  method f o r  estimating N .  Integrat ion takes 
b e t t e r  i n to  account- t h e  e n t i r e  d i s t r ibu t ion  of DGI 
density,  whereas Ralston's methrd is more robust.  
However, both methods su f fe r  from autocorrelat ion,  
t h e  DGI density a t  a given age depending of p r e  
vious l i f e  his tory.  
To our opinion, nei ther  method (hyaline r i n g s  o r  
DGI density) a r e  sat isfactory in  t h e i r  present  
s t a t e .  Validation is a must i n  both cases. Howe 
ver, val idat ion may p rwve  to be d i f f i c u l t  s i n c e  
it should be conducted a t  several  sizes and for 
extended periods ( a t  l ea s t  several  months). I n  N e w  
Caledonia, as i n  many t rop ica l  f i s h e r i e s ,  tag- 
recapture is not conceivable. Aquarium s tud ie s .  
despi te  t h e i r  known biases,  is our  only a l t e r n a t i -  
ve. 
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